Introduction and working assumptions
The MSSM with an R-parity conserving superpotential possesses a very distinct prediction: superpartners must be produced in pairs and, as a consequence, the lightest supersymmetric particle is stable. This implies that direct production of sparticles is restricted to colliders with c.m. energy at least twice the typical sparticle mass. Although the imposition of R-parity conservation on the MSSM lagrangian was originally proposed in order to avoid fast proton decays [1] , it is well known that if the R / P lagrangian violates only lepton number (or only baryon number), then the proton lifetime does not pose any phenomenological problem. Since in SUSY models, the supermultiplets of the lepton-doubletL and the down-Higgs doubletĤ d have the same quantum numbers, the R / P lepton number violating operators are constructed simply by the replacementĤ d →L [2] :
whereL andQ are the SU(2)-doublet lepton and quark superfields andÊ c andD c are the lepton and quark singlet superfield. Also, i, j, k are flavor indices such that, in the pure leptonic operator in Eq. 1, i = j. L L / drastically changes the phenomenology of the SUSY leptonic sector since it gives rise to the possibility of having s-channel slepton resonant formation in scattering processes, thus enabling the detection of sleptons with masses roughly up to the collider c.m. energy [3, 4, 5, 6] .
In this work we focus specifically on the effects of the R / P interactions in Eq. 1 on lepton-pair production processes at the Tevatron, pp → ℓ + ℓ − + X, with ℓ = e, µ, τ . In particular, in the presence of these new R / P couplings there is an additional (apart from the SM) contribution to the total cross-section coming fromŝ-channel sneutrino resonances [5, 7] . We will show below how the future Tevatron run with c.m. energy √ s = 2 TeV and an integrated luminosity of L = 2 fb −1 [8] is capable of significantly improving the existing limits on some products, λλ ′ , of R / P couplings through a detailed study of the total cross-sections for pp → ℓ + ℓ − + X.
Apart from the possibility of constraining the R / P couplings which enter the sneutrino resonant formation in ℓ-pair production, we will also explore two new aspects ofν µ resonance at the Tevatron: the detection ofν µ −ν µ mixing and CP-violation in the process pp → τ + τ − + X. Both phenomena may exist once λ 323 , λ ′ ijk = 0 in Eq. 1. In a previous work [6] , we have presented a detailed investigation of these two new issues for the process ℓ + ℓ − → τ + τ − . We showed there that the sneutrino mixing phenomenon as well as the CP-violating effects, may be easily detected already at LEP2 if indeed the pure leptonic sneutrinos R / P couplings in Eq. 1 exist. In what follows, we will present an analogous investigation appropriate for the reaction pp → τ + τ − + X at the Tevatron. In leptonic colliders, where the c.m. energy is fixed by the energy of the colliding leptons, in order to discover a new resonance particle one is forced to tune the c.m. energy to the new particle mass which is of course not possible if the particle mass is a-priori unknown. The advantage of a hadron collider is that, due to the continuous energy distribution of the colliding partons, one can probe new resonances over a much wider range of the corresponding new particle mass. We will therefore show that, contrary to LEP2 where the new effects mentioned above can be detected only if the sneutrino mass lies within a ∼ 10 GeV range of the LEP2 c.m. energy, at the Tevatron these effects can be detected over a ∼ 300 GeV sneutrino mass range if τ -polarization could be measured.
Sneutrino mixing phenomena have been gaining some interest recently [9, 10, 11] . The question of whether sneutrinos mix or not is of fundamental importance since this mixing is closely related to the generation of neutrino masses [9, 10] . Here we are interested in the detection of sneutrino mixing rather than in its origins. We therefore do not assume any specific model for it to occur. Instead, for a given sneutrino flavor i = e, µ, τ we writẽ ν i = (ν i + +iν i − )/ √ 2 and simply assume that, due to some new short distance physics, there is a mass splitting between the new CP-even and CP-odd sneutrino mass eigenstatesν i + andν i − , respectively (we assume CP-conservation in the mixing). In fact, it was found in [10] that, generically, ∆mνi ± /m ν i < ∼ few × 10 3 is roughly required in order for the neutrino masses m ν i , to be within their present experimental upper limits. One therefore expects the mass splitting in theν e ± sector to be extremely small. But, forν µ ± (and in particular forν τ ± , which is however not of our main interest here, in so far as the issue of mixing goes) the mass splitting can be sizable enough to drive significantly large new CP-odd and CP-even asymmetries already at the tree-level in τ -pair production at leptonic colliders [6] and at the Tevatron. Let us now establish our working assumptions and conventions: here and throughout the rest of the paper we assume for simplicity and without loss of generality that the R / P couplings λ ′ ijk and λ pip for all allowed combinations of indices, except for λ 323 , are real (this assumption does not affect the calculations presented in this paper). As will be shown in section 3, the imaginary part of λ 323 can be responsible for large tree-level CP-violating effects in the reaction pp → τ + τ − + X.
Although the existence of sneutrino mixing is irrelevant for the purpose of the crosssection analysis performed in the next section, for definiteness, total cross-sections will be calculated in theν i ± mass basis. The relevant couplings of the CP-even (ν i + ) and the CP-odd (ν i − ) sneutrino mass eigenstates are then:
and for {i, p} = {2, 3}:
For i = 2, p = 3 we define λ 323 ≡ (a + ib)/ √ 2, therefore:
As mentioned before, the CP-violating and CP-conserving asymmetries in the τ -pair production channel are proportional to the possible mass splitting betweenν µ + andν µ − [12]. In section 3 we will specifically take ∆mν µ ± < ∼ Γν µ ± , where throughout the paper we set Γνi ± = 10 −2 mνi ± for any sneutrino flavor i = e, µ or τ . Indeed, if mνi ± > mχ+, mχ0 (χ + andχ 0 are the chargino and neutralino, respectively), then the two-body decays ν i ± →χ + ℓ,χ 0 ν are open and the corresponding partial widths are given by (see Barger et al. in [3] ):
Therefore, for mνi ± > ∼ 150 GeV, Γνi ± = 10 −2 mνi ± serves our purpose as it is a viable estimate even without taking into account the new R / P two-body decay modes which, when summed, can form a significant fraction of the total sneutrino width.
Our motivation for choosing the specific condition ∆mν µ ± < ∼ Γν µ ± for theν µ ± mass splitting is twofold:
1. In such a case the twoν µ + andν µ − resonances will overlap and distinguishing between them becomes a non-trivial experimental task. Thus, the CP-conserving and CP-violating τ -spin asymmetries presented in section 3 may provide a feasible alternative for establishing that mν µ + = mν µ − .
2. With Γνi ± = 10 −2 mνi ± , the choice ∆mν µ ± < ∼ Γν µ ± implies ∆mν µ ± /mν µ ± << 1, as imposed by neutrino masses [10, 13].
We will show in section 3 that CP-odd and CP-even τ -polarization asymmetries at the level of tens of percents may arise in the reaction pp → τ + τ − + X within the muon-sneutrino mass range 150 GeV < ∼ mν µ ± < ∼ 450 GeV, even for a mass splitting as small as ∆mν µ ± = Γν µ ± /4. These asymmetries (for ∆mν µ ± = Γν µ ± /4) are detectable at future Tevatron runs, with a statistical significance above 3σ throughout almost the entire mass range 150 GeV < ∼ mν µ ± < ∼ 450 GeV. If ∆mν µ ± = Γν µ ± the effects are much more pronounced. It is especially interesting that a large tree-level CP-violating effect may emanate in the reaction pp → τ + τ − + X and, in particular, may be detectable at the future runs of the Tevatron. Previous studies of CP-violating effects in τ + τ − final state, attributed to models beyond the SM such as multi-Higgs doublet model, SUSY, leptoquarks and Majorana ν, all involve one-loop exchanges of the new particles which generate a CPviolating electric dipole moment for the τ (see [14] and references therein). These CP-odd effects are therefore much smaller than our tree-level effect.
The paper is organized as follows: in section 2 we discuss the limits on some of the R / P couplings attainable at future runs of the Tevatron. In section 3 we calculate our CP-violating and CP-conserving τ -polarization asymmetries and discuss the numerical results and in section 4 we summarize.
Expected new limits on R / P couplings at the future upgraded Tevatron
In this section we perform a detailed investigation of the reaction pp → ℓ + ℓ − + X at the Tevatron. In the presence of the R / P couplings in Eq. 1, the cross-section receives contributions from both the SMŝ-channel γ, Z exchanges and from the newŝ-channel sneutrino exchanges [7] . The interferences between the SM diagrams and theŝ-channelν i ± diagrams as well as between theν i + and theν i −ŝ -channel exchange diagrams are proportional to the down-quarks masses and are therefore being neglected. As a consequence, the total hard cross-section,σ T , can be expressed as the incoherent sum of the SM andν i ± parton-level cross-sections:σ T =σ jk SM +σ jk ν i ± . For the SM,σ jk SM ≡ σ(q jqk → γ, Z → ℓ + ℓ − ) such that q = u or d, i.e., up or down-quark and j = k, where j, k = 1, 2, 3 are flavor indices. For theŝ-channel sneutrino case only down-quark annihilation contributes, since sneutrino couplings to up-quarks are forbidden by gauge invariance. We, therefore, define:σ jk
, where we consider only flavor-diagonal lepton pair production and we explicitly keep the flavor indices j, k, p = 1, 2, 3 as, in principle, all combinations of the d jν i ±d k and ℓ pν i ± ℓ p couplings are present in the lagrangian of Eq. 1, with p = i.
The total cross-section σ T = σ(pp → ℓ + ℓ − + X) can also be subdivided into the SM and theν i ± parts as:
Each part is then given in terms of the parton luminosities dL jk (τ )/dτ [15]:
where √ŝ and √ s are the c.m. energies of theand pp systems, respectively. For later use, the integration over the variable τ is carried out by imposing lower and upper cuts τ − and τ + , respectively, corresponding to lower (M − ℓℓ ) and upper (M + ℓℓ ) cuts on the ℓ + ℓ − invariant mass M ℓℓ ≡ √ŝ . Also:
where the color factor, C jk arises from summing and averaging over initial colors and for our processes C jk = 1/3. For the distribution functions, f j/p (x j ), we use the CTEQ4M parameterization [16].
The SM parton-level cross-section is given by (neglecting the quarks and leptons masses):
Here s W is the sine of the weak mixing angle θ W , Q q is the charge of q and T 3 L,R are the appropriate z-component of the weak isospin of the quark q. For theŝ-channel sneutrino contribution it is useful to write the hard cross-section in the form:σ
where:
In this section we assume mνi ≡ mνi + = mνi − and Γνi ≡ Γνi + = Γνi − . Therefore, through the present section starting with Eq. 10 , we drop the subscript ±, then resurrect it in the next section. As mentioned above, we set Γνi = 10 −2 mνi. It is then clear from Eqs. 7, 8 and 10 that theν i contribution to the total cross-section, i.e., σ T ν i , can be expressed as a sum over the R / P couplings v jk ip with corresponding weights c jk as:
In what follows we have employed an upper cut on the ℓ + ℓ − system invariant mass of M + ℓℓ = 500 GeV. Also, the c jk 's are calculated with the three lower cuts M − ℓℓ = 50, 100 and 150 GeV. The third lower cut, i.e., M − ℓℓ = 150 GeV, is useful for removing most of the SM contribution via theŝ-channel Z exchange. We will show below that such a cut can substantially improve the limits on the R / P couplings at the future Tevatron Run II through an analysis of the reaction pp → ℓ + ℓ − + X.
In Tables 1, 2 and 3 we list the presently allowed upper limits on the products λλ ′ relevant for e, µ and τ -pair production processes, respectively. We combine the limits on individual R / P couplings [2] with existing limits on products of λλ ′ [17, 18], where in Tables 1-3 we write the more stringent ones, i.e., coming either from the individual or the λλ ′ bounds. Evidently, from the numbers in Tables 1-3 , two useful conclusions can be drawn:
1. As expected, the limits on flavor changing couplings, i.e., j = k, relevant for e and µ-pair production are much tighter, thus their contribution to the corresponding cross-sections is negligible.
2. In the µ and τ -pair production case the R / P couplings associated withν e are negligible compared to the other sneutrino flavor, i.e.,ν τ for the µµ case andν µ for τ τ production.
These two distinct features come in extremely handy later on when we discuss the attainable limits on the products λλ ′ at the future Tevatron Run II. We will focus here only on the µµ and τ τ production channels. In these cases our investigation simplifies since, as noted above, to a good approximation it is sufficient to consider an exchange of only one sneutrino flavor. Production of ee at the Tevatron for one sneutrino flavor exchange was explored in [5] . There, only theŝ-channel tau-sneutrino was investigated and only its coupling to the valence d-quark, i.e., λ ′ 311 , was considered by assuming λ ′ 3jk = 0 for j, k = 1. Although, for the case of ee production, the generalization
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toŝ-channel exchanges of two sneutrino flavors is straightforward, we will not discuss it here.
It was also shown in [5] that a potential discovery of sneutrino resonance formation in the Tevatron is possible through a study of the ℓℓ invariant mass distribution dσ T /dM ℓℓ , wherein the sneutrino will unveil itself as a resonant peak. However, in what follows we wish to take a different approach than that presented in [5] , in a further attempt to constrain the R / P couplings. In particular, we will show that the study of total crosssections may also be very useful for obtaining limits on some of the R / P couplings. For the purpose of bounding the R / P couplings we will focus later on µ-pair production. However, it should be emphasized at this point that for τ -pair production, our total cross-section analysis (with cuts on the τ τ invariant mass) for constraining the R / P couplings may prove to be more useful than a study of dσ T /dM τ τ . The reason is that it will be experimentally easier to determine the τ τ production rate above some value of M τ τ than to reconstruct the τ τ invariant mass on an event by event basis.
To illustrate the magnitude of the sneutrino cross-section as compared to the SM one, for µµ and τ τ production, we plot in Figure 1 the ratio:
where for the µµ case, i = τ and for τ τ production, i = µ. We show the ratio R sneu for a pp c.m. energy of √ s = 2 TeV (which is assumed throughout the rest of the paper) and for three lower cuts on the ℓℓ invariant mass, M − ℓℓ = 50, 100 and 150 GeV, where we take M + ℓℓ = 500 GeV. We include all combinations of {j, k} in λ ′ , from valence and sea down-quarks (that is, for µµ(τ τ ) production all combinations of λ 232 λ ′ 3jk (|λ 323 |λ ′ 2jk ) are included). Also, for any {j, k} we take the sneutrino mass-dependent maximal allowed values of the corresponding R / P coupling, i.e., scaled as mνi/ [100 GeV] (see Tables 2 and  3 ). Therefore, for any sneutrino mass value on the horizontal axis, Figure 1 represents the largest possible value of R sneu that might be measured at √ s = 2 TeV. As expected, with M − ℓℓ = 50 GeV where the SMŝ-channel Z resonance dominates, we find that R sneu ∼ 10 −2 for sneutrino masses between 100-500 GeV. However, the sneutrino contribution is much more pronounced if the lower invariant mass cut is set to M − ℓℓ = 100 or 150 GeV. In the latter case, i.e., M − ℓℓ = 150 GeV, theŝ-channel Z resonance contribution is practically removed and it is possible to have R sneu > 1 over almost the entire sneutrino mass range 150-500 GeV.
Let us now illustrate how a study of total cross-sections for pp → ℓ + ℓ − + X can be used to constrain some of the R / P couplings. Even in the most general case in which all combinations of the products λλ ′ are taken into account, one can take advantage of the information given in Tables 1-3 combined with the corresponding numerical values of the c jk 's (defined in Eq. 13) to greatly simplify the analysis. The simplest example perhaps is the reaction pp → µ + µ − + X which is also the easiest to measure. In µ-pair production, as already mentioned above, to a good approximation onlyν τ with flavor diagonal couplings to dd, ss and bb contributes. Moreover, owing to the very small probability of finding a b-quark in the proton with momentum fraction x b , bb annihilation is negligible compared to the valence dd and sea ss fusion. We are therefore left with only two relevant R / P couplings: v 11 τ 2 = λ 232 λ ′ 311 and v 22 τ 2 = λ 232 λ ′ 322 . In fact, although the present limits allow v 22 τ 2 = 4v 11 τ 2 (see Table 3 ), we still find that the valence dd contribution dominates over the sea ss annihilation due to larger probability distributions (calculated from Eq. 13). Nonetheless, for completeness we include in our analysis below both the dd and the ss contributions.
The statistical significance of the deviation of the total cross-section from the SM cross-section is defined by:
which in our case, i.e., σ T = σ T ν i + σ T SM and i = τ , p = 2, simplifies to:
where L is the integrated luminosity at the Tevatron. Using Eq. 16 above we can now plot contours of N SD -limits on the two R / P couplings v 11 τ 2 = λ 232 λ ′ 311 and v 22 τ 2 = λ 232 λ ′ 322 . In Figure 2 we show the 1σ-limit contours corresponding to the three lower µµ invariant mass cuts M − µµ = 50, 100 and 150 GeV, again taking M + µµ = 500 GeV. For illustration we choose mντ ± = 200 GeV and a total integrated luminosity of L = 2 fb −1 appropriate for the Tevatron Run II. The values at the end points of the x and y axes in Figure 2 are the presently allowed upper limits on the coupling products λ 232 λ ′ 311 and λ 232 λ ′ 322 , respectively, for mντ ± = 200 GeV. We observe that, due to larger valence d-quark probability functions, a significant improvement over the present limits may be obtained for the R / P product λ 232 λ ′ 311 [19] . As expected, the effect is much more pronounced when the SM "background" is removed, i.e., M − µµ = 150 GeV, where the attainable 1σ-limits are: −0.003 < ∼ λ 232 λ ′ 311 < ∼ 0.003 and −0.011 < ∼ λ 232 λ ′ 322 < ∼ 0.011, for a τ -sneutrino mass of 200 GeV. For λ 232 λ ′ 311 this limit is about one order of magnitude better than the current limit and for λ 232 λ ′ 322 it provides an improvement by about a factor of 4 over the present limit.
3. Sneutrino mixing and τ -polarization asymmetries in pp → τ + τ − + X
In this section we explore the possibility of studying detailed properties of the sneutrino sector in the MSSM with R / P . In particular, we discuss the reaction pp → τ + τ − + X proceeding via muon-sneutrino exchange. Therefore, throughout the rest of the section we drop the sneutrino index µ and denote mν µ ± ≡ m ± , Γν µ + ≃ Γν µ − ≡ Γ and set Γ = 10 −2 m − . We focus on two issues:
1. Detection of muon-sneutrino mixing, i.e., probing a possible mass splitting between the muon-sneutrino CP-even (ν + ) and CP-odd (ν − ) states.
2. The possibility of having large CP-violating signals at the Tevatron, which, in the presence of the R / Pŝ -channelν ± exchanges, are generated already at the tree-level if there is a non-vanishing mass splitting ∆m ≡ m + − m − = 0.
As demonstrated below, these two effects can be studied at the Tevatron through measurements of some specific CP-violating and CP-conserving τ -double-spin asymmetries which were suggested in [6] for the reaction ℓ + ℓ − → τ + τ − appropriate to leptonic colliders. The CP-violating and CP-conserving τ -double-spin asymmetries are derived at the parton level, i.e., q jqk → τ + τ − , following the same line of arguments as introduced in our previous work [6] and are then "dressed" with the parton distribution functions. In the rest frame of τ − we define the basis vectors: e z ∝ −( p q j + pq k ), e y ∝ p q j × pq k and e x = e y × e z .
For the τ + we use a similar set of definitions such that ē x , ē y , ē z are related to e x , e y , e z by charge conjugation. We then introduce the following τ + τ − double-polarization operator with respect to each of the coordinate directions defined above:
where m, n = x, y, z. For example, N(↑ x ↑ y ) stands for the number of events in which τ + has spin +1 in the direction x in its rest frame and τ − has spin +1 in the direction y It is easy to verify that theΠ mn 's possess the following transformation properties under the operations of CP and that of the naive time reversal T N [20]:
T N (Π mn ) = −Π mn for m or n = y and m = n ,
T N (Π mn ) =Π mn for m, n = y and for m = n = x, y, z .
We can therefore define:
such thatÂ mn are CP-odd (Â mm = 0 by definition) andB mn are CP-even. Also, A xy ,Â zy ,B xy andB zy are T N -odd whileÂ xz ,B xz ,B xx ,B yy andB zz are T N -even.
In the SM, as expected, there is no CP-violation at tree-level and we find that only the CP-even asymmetriesB xx ,B yy andB zz are non-zero at tree-level, where in fact, for either uū or dd annihilation,B xx = −B yy andB zz = 1 [6] . However, in theŝ-channel ν ± exchange case, the CP-violating asymmetryÂ xy , being a T N -odd quantity, is also non-zero already at tree-level. In particular, for any given flavor combination {j, k} in d jdk →ν ± → τ + τ − ,B xx ,B yy ,B zz andÂ xy are given by [6] (recall that λ 323 = (a+ib)/ √ 2):
While the presence of a non-vanishing tree-level CP-nonconserving asymmetry in pp → τ + τ − + X is a unique outcome of sneutrino resonance formation, as was mentioned above, the CP-even spin-asymmetries receive contributions from the SM too. However, it is also possible to construct a CP-even τ -spin asymmetry which is sensitive only to theŝchannelν ± exchanges and is identically zero in the SM. This CP-conserving asymmetry is defined as [6] ,B ≡ (B xx +B yy )/2. Obviously, at tree-level,B = 0 in the SM (due tô B xx = −B yy ) andB =B xx =B yy for the sneutrino case. Thus, a measurement ofB substantially different from zero will be a strong indication for the existence of new physics in pp → τ + τ − + X, in the form of new non-vanishingŝ-channel scalar exchanges and will provide explicit information on the new τν µ ± τ coupling. Note that the observableB zz , which in the SM simply translates to the spin correlation < s + · s − > that was suggested in [21] for the decay H 0 → τ + τ − , may also be useful in distinguishing between the SM vector-boson exchanges and the sneutrino scalar exchanges. However, sinceB zz = −1 for the pureν ± exchange case, a measurement ofB zz , will be insensitive to the couplings a and b in λ 323 .
In what follows, we will therefore discuss only the CP-oddÂ xy and the CP-evenB spin-asymmetries. These two asymmetries change sign around √ŝ ∼ m − (see [6] ). In fact,
and similarly forB, for a given mass shift δm. Of course, this does not introduce any difficulty in a leptonic collider where the c.m. energy of the colliding leptons is fixed. However, for the Tevatron, after folding in the parton luminosities (see Eqs. 7 and 8) and integrating over √ŝ (or equivalently M τ τ ), due to this change in sign, the effects become too small to be of any measurable consequences. To bypass this problem we suggest here a two-step measurement; at the first stage one would have to identify the sneutrino resonant peak by measuring the τ τ invariant mass distribution dσ T /dM τ τ . Then, once the sneutrino mass is known, the asymmetriesÂ xy andB may be multiplied by the sign of (M τ τ − m − ) to account for the relative minus sign as one goes from M τ τ < m − to M τ τ > m − :
The corresponding CP-odd and CP-even asymmetries for the overall reaction pp → τ + τ − + X, A xy and B, are then given by:
From Eq. 22 we observe that bothÂ xy andB ∝ D − /D + , where the proportionality factors do not depend on the absolute magnitude of the couplings a and b in λ 323 but rather on any function of their ratio f (a/b). As in [6] , without loss of generality, we will assume that a and b are positive and study the asymmetries as a function of the ratio r ≡ b/(a + b). r can vary between 0 ≤ r ≤ 1, where the lower and upper limits of r are given by b = 0 and a = 0, respectively. One can immediately observe thatÂ xy andB complement each other as they probe opposite ranges of r. ForÂ xy the maximal value D − /D + is obtained when r = 1/2 (a = b) and the largest positiveB possible iŝ B = D − /D + when r = 0 (b = 0). Also, at r = 1 (a = 0),B = −D − /D + , thus reaching its maximum negative value.
In Figure 3 we plot the maximal values of A xy and B, corresponding to the maximâ A xy =B = D − /D + , as a function of the lighter muon-sneutrino mass m − . We take M − τ τ = 150 GeV, M + τ τ = 500 GeV and the mass splitting values ∆m = Γ, Γ/4, Γ/10 (recall that Γ = 10 −2 m − ). Also, for completeness we include all {j, k} flavor combinations of the annihilating down quarks with their corresponding R / P couplings (see Table 3 ). Evidently, A xy and B can reach ∼ 20 − 30% throughout the entire mass range 150 GeV < ∼ m − < ∼ 450 GeV if ∆m = Γ, and ∼ 10 − 13% even with a smaller splitting of ∆m = Γ/4. The statistical significance, N SD , with which A xy or B can be detected at the Tevatron, is given by
, where A = A xy or B are given in Eq. 25, N = (σ T ν ± + σ T SM ) × L is the total number of pp → τ + τ − + X events and L is the integrated luminosity at the Tevatron. ǫ is the combined efficiency for the simultaneous measurement of the τ + and τ − spins which, therefore, depends on the efficiency for the spin analysis and also on the branching ratios of the specific τ + and τ − decay channels that are being analyzed. The simplest examples perhaps are the two-body decays τ ± → π ± ν τ and τ ± → ρ ± ν τ , although 3-body decays may also be useful [21, 23] . When all combinations of only the above τ + , τ − two-body decay channels are taken into account one finds ǫ ∼ 0.03 [21] . We will adopt this number henceforward [22] .
In Figure 4 we scale out the luminosity factor from the theoretical prediction, by plot-
has no units -corresponding to A xy and B at their maximal values at the upgraded Tevatron with √ s = 2 TeV, as a function of m − . We choose the same values for ∆m and for M ± τ τ as in Figure 3 and we again include all {j, k} flavor combinations in d jdk fusion. We see that with ∆m = Γ, 4.2 < ∼ N SD / √ L < ∼ 1.8 within the mass range 155 GeV < ∼ m − < ∼ 450 GeV. Also, 1.8 < ∼ N SD / √ L < ∼ 0.8 for ∆m = Γ/4, within the same muon-sneutrino mass range. Thus, for example, at the Tevatron Run II with L = 2 fb −1 [8] both the CP-violating and the CP-conserving spin asymmetries may be detected with a sensitivity above 3σ over the mass range 155 GeV < ∼ m − < ∼ 400 GeV if ∆m = Γ. These asymmetries are detectable, at the Tevatron Run III with L = 30 fb −1 [8] , with a statistical significance above 3σ over the entire mass range 155 GeV < ∼ m − < ∼ 450 GeV for ∆m = Γ/4. In fact, for this case, even if the splitting is as small as ∆m = Γ/10, a 3σ detection of the CP-odd and CP-even spin asymmetries is feasible in Run III within the ∼ 150 GeV mass range 155 GeV < ∼ m − < ∼ 300 GeV. Finally, Figure 5 
Summary and conclusions
To summarize, we found that if the data do not deviate from the SM, then existing limits on some products of the R / P couplings λ and λ ′ can be substantially improved in future runs of the Tevatron through a study of total cross-sections for the reactions pp → ℓ + ℓ − + X. As an example, we have considered µ + µ − pair production channel and found that at the Tevatron Run II the existing limits on the two specific R / P coupling products λ 232 λ ′ 311 and λ 232 λ ′ 322 can be improved by a factor of ∼ 10 and ∼ 4, respectively. We have also introduced CP-violating and CP-conserving τ -double-spin asymmetries and applied them to the process pp → τ + τ − + X. We have shown that two of these spin asymmetries are unique in their ability to distinguish between the CP-odd and CPeven muon-sneutrino mass eigenstates in pp →ν µ ± → τ + τ − + X. Both asymmetries arise already at the tree-level and can become large, of the order of tens of percents.
Although the τ spins have not been measured at the Tevatron yet, the large CP-odd and CP-even effects that are possible in the future runs of the Tevatron may motivate the experimentalists for a serious attack on the problem. Once an experimental setup for measuring the τ spins is established, the spin asymmetries suggested in this work may be observable with a sensitivity above 3σ at the future runs of the Tevatron provided that the efficiencies for detecting the τ spin approach ∼ 10%. In such an optimistic scenario, the above 3σ signal is possible throughout almost the entire muon-sneutrino mass range 150 GeV < ∼ mν µ ± < ∼ 450 GeV. We have shown that such significant CP-violating and CPconserving signals can arise even for a mass splitting between the CP-odd and CP-eveñ ν µ ± states below their corresponding widths, i.e., ∆m < Γ. They may therefore serve as extremely powerful probes of the sneutrino mixing phenomenon.
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